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Abstract
Objectives
Assess the feasibility of engaging youth to disseminate accurate information about gene by
environmental (GxE) influences on podoconiosis, a neglected tropical lymphedema
endemic in southern Ethiopia.
Methods
A cross sectional survey was conducted with 377 youth randomly selected from 2 districts of
Southern Ethiopia. Measures included GxE knowledge (4 true/false statements), preventive
action knowledge (endorse wearing shoes and foot hygiene), causal misconceptions (11
items related to contagion) and confidence to explain GxE (9 disagree/agree statements).
Results
Over half (59%) accurately endorsed joint contributions of gene and environment to podoco-
niosis and preventive mechanisms (e.g., wearing protective shoes and keeping foot
hygiene). Multivariable logistic regression showed that youth with accurate understanding
about GxE contributors reported having: some education, friends or kin who were affected
by the condition, and prior interactions with health extension workers. Surprisingly, higher
accurate GxE knowledge was positively associated with endorsing contagion as a causal
factor. Accuracy of GxE and preventive action knowledge were positively associated with
youth’s confidence to explain podoconiosis-related information.
Conclusions
Youth have the potential to be competent disseminators of GxE information about podoco-
niosis. Interventions to foster confidence among youth in social or kin relationships with
affected individuals may be most promising. Efforts to challenge youth’s co-existing
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inaccurate beliefs about contagion could strengthen the link of GxE explanations to preven-
tive actions.
Author summary
This study considers the feasibility of engaging rural Ethiopian youth as lay health workers
(LHWs) with the objective to improve community understanding of the joint influences
of genetics and environment on health. Identifying LHWs to accurately convey contribu-
tors to the heritable but preventable neglected tropical disease of podoconiosis provides
an optimal context to address this question. Misunderstanding that inherited susceptibil-
ity to podoconiosis makes the disease unavoidable has led to numerous negative social
consequences (e.g., stigma) and poor uptake of protective footwear. We report data from
a pilot study that included a cross-sectional survey of youth ages 15–24 in rural communi-
ties with endemic podoconiosis. Results provide preliminary support that a sizeable group
of youth hold accurate knowledge about gene x environment influences and self-evaluate
as being confident to explain these associations to others. Research to evaluate strategies
to engage youth as LHWs and the impact of these approaches on communities’ under-
standing of the joint influences of genetics and environment in this context is needed.
This manuscript fills an important gap in the literature about neglected tropical diseases,
as it suggests opportunities to improve the prevention of podoconiosis and reduce mis-
conceptions and stigma through engagement of LHWs in Ethiopia.
Introduction
Advances in genomics are increasing scientific understanding that most health conditions
worldwide are caused by the joint influence of genetic and environmental (GxE) factors [1].
However, the mechanisms underlying GxE interactions are complex and not well understood
by the public [2]. Accordingly, misunderstandings that health conditions with genetic under-
pinnings cannot be prevented have been well documented in the developing world [3–6].
Global leaders have called for stepping up efforts to increase genomic literacy in low and mid-
dle-income countries (LMICs) [7] [8, 9]. Among the challenges to achieving this imperative is
that LMICs have limited health service infrastructure, low levels of general literacy and a
majority of the populace lives in isolated rural settings. Funding opportunities such as the
Human Heredity and Health in Africa (H3Africa) have been initiated to address these chal-
lenges [10].
Concurrent with advances in genomics, around the world, cadres of lay health workers
(LHWs) have been engaged to expand the reach of preventive health services for a broad array
of communicable and noncommunicable health conditions [11, 12]. LHWs carry out a num-
ber of functions to promote health including the provision of culturally relevant health infor-
mation that can be conveyed in everyday community settings [13, 14]. Though it has been
suggested that such LHWs might play an important role in promoting community-wide GxE
literacy in the developed world to date there has been little consideration of this possibility in
LMICs [15, 16] [17].
Efforts directed to disease prevention often target youth as a means to encourage the estab-
lishment of healthy behaviors. Considering youth as potential disseminators of information
about GxE health influences offers several other advantages. As members of the community,
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youth are aware of existing interpretations of the causes of health conditions held by their
peers and adults in the community [18]. In the context of HIV/AIDs and other STIs, reproduc-
tive health, and malaria, studies suggest that youth may more easily process and understand
new information [3]. Youth also have been found to have greater accuracy in considering the
influence of genes on health conditions than older adults [19]. These information-processing
assets have been attributed to youth’s neurodevelopment stage, exposure to schools, youth net-
works and the media [20]. The feasibility of engaging LHWs to increase GxE literacy in LMICs
rests on whether individuals can be identified with the capability and confidence to serve as
GxE information disseminators.
Podoconiosis, a non-filarial lymphedema endemic in highland Ethiopia, offers an excellent
context to consider the feasibility of engaging youth LHWs for promoting GxE literacy. Glob-
ally, it is estimated that four million people in tropical Africa, Central and South America, and
Southeast Asia have the condition; approximately 1.5 million people are affected in Ethiopia
[4]. The condition develops when genetically susceptible individuals are exposed to irritant
particles in volcanic soil via walking and farming barefoot [21–23]. Podoconiosis can be pre-
vented if susceptible individuals begin wearing shoes at an early age and do so consistently
[21–23].
Prior health education efforts to promote shoe wearing among at-risk individuals have
been based on extensive qualitative and rigorous quantitative evaluation of these interventions
show that adults in these communities continue to harbor misconceptions that the condition
is not preventable because of its heritability [5, 24, 25] [5, 6] [26]. A number of other miscon-
ceptions are common including beliefs that the condition is contagious or influenced by other
environmental exposures (e.g., snake bites) [6, 25, 27, 28]. In turn, these inaccurate beliefs are
associated with risk behaviors such as consistently walking barefoot [5, 6, 25] and holding stig-
matizing attitudes towards patients [5, 6, 29, 30]. Whether engaging youth as disseminators of
accurate GxE information could help to eliminate these misconceptions, reduce social stigma
towards affected individuals and encourage preventive actions (i.e wearing shoes) is largely
unexplored.
In order to consider the feasibility of engaging rural Ethiopian youth to serve as informa-
tion disseminators in the spirit of LHWs, we posed four research questions: (1) what is the
prevalence of youth misconceptions about the causes of podoconiosis?; (2) what factors are
associated with accurate understanding of GxE contributions to podoconiosis among youth?;
(3) is GxE accuracy associated with correct endorsement of preventive actions?; and (4) is GxE
accuracy associated with confidence to explain the causes of podoconiosis?
Methods
We conducted a cross-sectional survey in rural communities of the Wolayita zone of Southern
Ethiopia with endemic podoconiosis [31]. Data were collected between August and September
2016. Two kebeles or lowest administrative units (Tome Gerira and Sura Koyo) were purpose-
fully selected as neither had participated in prior studies of podoconiosis. Youth defined by
United Nations as ages 15 to 24 were eligible to participate in the survey [32]. We used a ran-
dom sampling strategy with all youth living in the area having an equal chance to be included
in the sample. After conducting a census of youth in the participating kebeles 3,542 were iden-
tified in the target age range. 52% (n = 1,841) were females. Of youth identified, 11% (n = 383)
were from families affected by podoconiosis. The optimal sample size required to detect differ-
ences of plus or minus five units in survey responses (with 95% confidence) was 347 [33].
We approached 377 youth in anticipation of 5% refusal to participate found in our prior
studies.
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Our prior qualitative findings suggested that there was a substantial knowledge disparity
regarding podoconiosis causes and preventive actions between youth who were from affected
families than youth who were unaffected [28]. Research to date has indicated that affected
adults tended to endorse some explanations of the causes of podoconiosis more strongly than
others [6]. Thus, we aimed to proportionally represent affected youth in the sample size. To
this end, our sample comprised 41 affected youth and 336 unaffected youth randomly selected
from the census sampling frame. This ratio of unaffected to affected youth is representative of
the population in the study districts.
Instrument and data collection
The questionnaire was initially developed in English, translated into Amharic and Wolayitigna
(common dialect in the targeted kebeles), then checked for accuracy and back-translated to
English. Interviewers who had previous experience in similar studies were recruited using
informal networks. These individuals (N = 10) received three-days of training on the objectives
of the study, items included in the survey questionnaire, and how to carry out the survey. The
survey was pilot tested in two nearby rural kebels (Sodo Zuria and Damot Woydie woredas)
with 30 youth to assess the adequacy of the instruments. These youth were not included in the
main survey. Results of the pilot indicated a few limitations such as spelling or grammatical
errors that resulted in respondents showing minor hesitation and request for clarification revi-
sions were made.
Interviewers administered the survey to the selected youth at their homes. The expectation
was that the interviews would take approximately 45 minutes. Written informed consent was
obtained from all participants including thumbprints for those unable to sign. Consent from
parents or guardians was obtained for those ages 15 to 18. The respondents were given exercise
books and pens as compensation for participation. All aspects of this study were approved by
the Addis Ababa University College of Health Science Institutional Review Board.
Measures
Selection of survey measures assessed domains of knowledge, and self-efficacy related to con-
veying GxE information. These constructs of Social Cognitive Theory [34, 35], were based on
prior literature on requisite competencies for LHWs to be effective [36] and on our extensive
prior qualitative data collected with adults in these communities [28]. Demographic character-
istics assessed included: gender, education level, and age. Additional measures of civic engage-
ment and interactions with health extension workers also were assessed.
Three domains of knowledge were assessed:
GxE knowledge was based on four questions that were adapted to the causal factors contrib-
uting to podoconiosis [23, 25, 37]. Youth were asked to rate each statements as “true,” “false”
or “don’t know” (e.g., “A person can inherit proneness to have their feet be irritated by the
soil.”). These measures were dichotomized based on the median score (2.1). Youth who scored
three and four were labeled as “mostly accurate” (1) and those who scored less than three were
labeled as “mostly inaccurate” (0).
Knowledge about preventive actions was measured by rated agreement with a list of 10
potential preventive actions that included both accurate and inaccurate options (e.g., wearing
protective shoes every day–accurate; taking vaccination–inaccurate). Each accurate response
was assigned one point. The preventive action score was dichotomized due to skewedness,
with zero representing inaccurate understanding (0–3) and one indicating mostly accurate
understanding (4–10).
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Causal misconceptions were based on 14 questions derived from prior research conducted
with adults living in podoconiosis-endemic communities [26]. Misconceptions were assessed
with two subscales, a “contagion score” based on responses to 11 questions assessing percep-
tion of podoconiosis as a contagious disease. A second subscale was labeled “other misconcep-
tions” and included three questions related to beliefs about bacteria, poor nutrition and evil
eye as causes of the disease. Each endorsed misperception was assigned ine point and then
summed for a total score.
Confidence to explain (i.e., self-efficacy) was based on nine questions (e.g. “I am confident
that I could explain to other people why some individuals develop podoconiosis and others do
not”) with three response categories (1 = Disagree, 2 = Undecided, 3 = Agree) [26]. Scores
were dichotomized as being above or below the median, where zero represented “less confi-
dence” and one indicated “more confidence”.
Extracurricular civic engagement was based on self-reported involvement in extracurricular
activities at school, youth association, Sunday schools and other leadership-oriented
experiences.
In Ethiopia more than 30,000 health extension workers provide outreach services and dis-
seminate health information to the general public to encourage health promoting habits (Fed-
eral Ministry of Health, 2007). Reported contact with health extension workers (HEWs) was
assessed as they may have provided opportunities for youth to increase knowledge of health
issues and podoconiosis, specifically. Youth who were visited by HEWs at their residence one
year prior to the study were compared to those reporting no contact or visit.
Data analysis
Data were analyzed using SPSS version 20 software. Frequencies and distributions were exam-
ined to check for out-of-range values and other errors in the data. After data cleaning, descrip-
tive analyses, bivariate analyses and logistic regressions was performed. Cross tabulation and χ2
tests were performed for associations amongst variables. Level of statistical significance was set
at p<0.05 (two-tailed). Variables with significant associations in cross-tabulation were entered
into the logistic regression models to test in turn their association with accuracy of GxE knowl-
edge, accuracy of endorsed preventive actions and confidence to explain GxE causes of podoco-
niosis. We ran Pearson’s correlation to assess the association between accurate GXE knowledge
and prevalent misconceptions (i.e., inaccurate causal beliefs). Odds ratios were computed for
the likelihood of having mostly accurate (1) and mostly inaccurate (0) understanding about
GxE influences and appropriate preventive actions. Odds ratios were also computed for the like-
lihood of being more confident or less confident to explain podoconiosis-related information.
Results
All 377 who were approached agreed to participate in the survey; 52% were female (See
Table 1). The majority of youth participants were in the age range of 15–18 (78.5%). Accord-
ingly, the majority of youth (70%) reported being in 7th to 12th grade education. Just over half
reported involvement in some extracurricular civic engagement. Approximately 80% of the
youth had contact with HEWs at least once in the year prior to the survey. Eleven percent of
participants reported having a blood relative with podoconiosis.
How prevalent are misperceptions about the causes and prevention of
podoconiosis among youth?
Half of youth believed that podoconiosis is a contagious disease and over one-third also
endorsed several causal factors that constitute misconceptions including evil eye, and snake
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bites. Eleven percent of participants responded correctly to all four of the GxE knowledge
questions related to podoconiosis, 34.5% answered three correctly, and 55% answered two or
less questions correctly. The highest proportion of correct responses (82%) was agreement
with the question “walking barefoot triggers podoconiosis among susceptible individuals” (See
Table 2). Additionally, 61% agreed that susceptibility to podoconiosis is passed from genera-
tion to generation.
A number of preventive actions were erroneously thought to be protective against podoco-
niosis, including vaccination (87%) and avoiding walking barefoot in cold weather or dew
(87%). Additionally, one-third of youth incorrectly suggested avoiding personal contact with
affected people, and nearly three-quarters endorsed avoiding wearing second-hand shoes,
both indicators of belief in contagion. However, a majority of the youth also accurately
endorsed regular foot washing (86%) and wearing protective shoes everyday (70%).
Due to their high co-prevalence, we tested the association of accurate GxE knowledge with
prevalent misconceptions (e.g., endorsement of podoconiosis as a contagious disease). We
found a modest positive correlation between GxE knowledge and contagion beliefs (r = 0.23,
Table 2. Proportion with accurate responses to GxE knowledge questions (N = 377).
GxE Knowledge n (%)
A person can inherit proneness to have their feet be irritated by the soil (True) 219 (58)
Whether one’s feet become irritated by walking barefoot can be passed from one generation to
another (True)
230 (61)
Individuals are born with susceptibility to podoconiosis that gets triggered by walking barefoot
(True)
309 (82)
A person who has relatives with podoconiosis will certainly get the disease (False) 171 (45)
Mean GxE accuracy score (range 0–4) 2.4 (s.d. =
1.1)
Percent accurate
https://doi.org/10.1371/journal.pntd.0006763.t002
Table 1. Characteristics of youth participants (N = 377).
Characteristic n (%)
Education
No formal education 19 (5)
Grades 1–6 81 (22)
Grades 7–12 264 (70)
College/Vocational school 13 (3)
Female gender 196 (52)
Age
15–18 296 (78)
19–24 22 (81)
Have a family member with podoconiosis (affected) 41 (11)
Have friends with podoconiosis 44 (12)
Had had contact with health education worker 301 (80)
Involvement with extracurricular activities 221 (58)
Mostly correct GxE knowledge 168 (44)
Endorse contagion as cause of podoconiosis 189 (50)
Mostly correct Preventive Action knowledge 197 (52)
Confident to explain causes of podoconiosis 174 (46)
https://doi.org/10.1371/journal.pntd.0006763.t001
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p<0.05). Youth with more accurate understanding of GxE contributors to podoconiosis also
were more likely to harbor “other misconceptions” (r = 0.13, p<0.05).
What factors are associated with accurate understanding of GxE
contributors?
Participants with 7th to 12th grade education, who reported having affected family members or
a friendship relationship with an affected individual were significantly more likely to be accu-
rate in their understanding (correct responses to 3 of 4) of GxE contributors to podoconiosis
than their peers (See Table 3). Endorsement of contagion as a cause of podoconiosis and inter-
actions with HEWs also were significantly associated with accurate understanding of GxE
contributors.
Variables found to be significant in bivariate analyses were tested in multivariate logistic
regression to predict accurate GxE knowledge (See Table 4). Affected status, having friend-
ships with affected individuals, reporting any contact with HEWs, having some formal educa-
tion and having a high contagion inaccuracy score were significantly associated with increased
accuracy of GxE understanding.
Youth who had attended formal schooling from grade 1st to 6th or 7th to 12th education
level had 11.8 and 8.7 times, respectively (95% CIs: 2.2–16.6; 1.7–13.4) the odds of having
accurate GxE knowledge related to podoconiosis as those without formal schooling.
Affected youth had 8.0 times the odds of being accurate in GxE knowledge as unaffected
youth (95% CI: 2.9–16.1). Similarly, youth with affected friends had three times the odds
of having accurate understanding as those who did not report having friends with podo-
coniosis (95% CI: 1.3–6.9). Youth who reported contact with HEWs had 3.8 times (95%
CI: 2.0–7.2) the odds of knowing about the joint contribution of GxE in the development
of podoconiosis as those who did not report contact with HEWs. Youth with stronger
contagion beliefs had 1.2 (95% CI 1.0–1.2) times the odds of holding accurate GxE knowl-
edge as those with weaker contagion beliefs.
Table 3. Characteristics of youth and accuracy of GxE knowledge.
Characteristics Percent with inaccurate GxE knowledge %
(n)
Percent With Accurate GxE Knowledge %
(n)
p-value
Age 15–18 54.4 (161) 45.6 (135) 0.70
19–24 46.8 (46) 43.2 (35)
Gender Female 46.6 (111) 43.4 (85) 0.62
Male 43 (96) 47 (85)
Have a blood relative with
podoconiosis
Yes (“affected”) 20 (8) 80 (33) <0.001
No 59.1(199) 40.9(137)
Level of education No-formal education 84.2 (16) 15.8 (3) 0.008
Grade 1–6 89 (72) 11 (9)
Grade 7–12 54.5 (144) 45.5 (120)
College/vocational
training
69.2 (9) 30.8 (4)
Friendship with affected individuals Yes 69.2 (9) 30.8 (4) <0.001
No 31.8 (14) 68.2 (30)
Had contact with health education
workers
Yes 54.9 (183) 45.1 (150) <0.001
No 49.2 (148) 50.8 (153)
Civic engagement Yes 77.6 (59) 22.4 (17) 0.07
No 51.1 (113) 48.9 (108)
https://doi.org/10.1371/journal.pntd.0006763.t003
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Is GxE accuracy associated with correct endorsement of preventive actions?
We tested a logistic model that included the factors found above to be associated with accuracy
of understanding in a model for appropriate endorsement of preventive actions (dichotomized
as 0 (1–3) = mostly inaccurate and 1(4–10) = mostly accurate). Results showed that youth who
reported having a friendship with an affected individual had 2.4 times (95% CI: 1.0–5.4) the
odds of of endorsing appropriate preventive actions as those without affected friends (See
Table 4). Youth who reported contact with HEWs had 3.8 times (95% CI: 2.0–7.0) the odds of
endorsing appropriate preventive mechanisms as those who did not report contact with
HEWs. Youth who endorsed contagion as a cause of podoconiosis had lower odds of accu-
rately endorsing preventive actions as those who did not endorse contagion beliefs (OR = 0.92,
95% CI: 0.8–1.0). Counter to our expectation, accurate understanding about GxE contributors
to podoconiosis was not associated with endorsement of appropriate preventive actions (e.g.,
shoe wearing, p = 0.92).
Is GxE accuracy and endorsement of appropriate preventive action
associated with confidence to explain the causes of podoconiosis?
We tested a logistic model that included the factors found above to be associated with appro-
priate endorsement of preventive action to test their association with confidence to explain the
causes of podoconiosis to others (dichotomized as 0 (1–3) = less confidence, 1 (4–10) = more
confidence). Results showed that those affected by podoconiosis had lower odds of being con-
fident to explain GxE influences as unaffected youth (OR = .98; 95% CI: 0.1–1). Accuracy of
GxE and preventive action knowledge were significantly associated with confidence to explain
the causes of podoconiosis (See Table 4). For each unit increase in GxE accuracy and endorse-
ment of preventive action, the odds of being confident increased by a factor of 1.3 (95% CI:
1.0–1.7) and 1.3 (95% CI: 1.1–1.5) respectively, when compared to the reference group.
Discussion
Our findings show that youth in podoconiosis-endemic communities have similar misconcep-
tions as those reported previously among adults in neighboring communities [4, 6, 25, 38].
Table 4. Multivariable logistic regression models testing factors associated with accuracy of GxE, actions to prevent knowledge, and confidence to explain causes of
podoconiosis.
Independent variables Accuracy of GxE
knowledge
Accuracy
Preventive Actions
Knowledge
Confidence to
Explain
OR p-value OR p-value OR p-value
Constant 0.16 0.000 0.28 0.050 0.09 0.000
Education 1–6 grade (vs. no-formal education) 11.8 0.003 1.1 0.91 0.77 0.64
Education 7–12 grade (vs. no-formal education) 8.7 0.008 1.8 0.28 1.11 0.83
Education–College/Vocational (vs. no-formal education) 4.8 0.12 3.1 0.16 1.31 0.72
Affected by podoconiosis (vs. non-affected) 8.0 0.0001 2.1 0.08 0.98 0.05
Friendship with affected individuals (vs. not having friendship) 3.0 0.009 2.4 0.03 1.75 0.13
Had contact with HEW in past year (vs. no-contact with HEW) 3.8 0.0001 3.8 0.0001 1.42 0.24
Endorse contagion as cause of podoconiosis (vs. not endorse contagion as cause of podoconiosis) 1.18 0.001 0.92 0.02 1.05 0.20
Accurate GxE knowledge — — 1.01 0.93 1.30 0.03
Accurate preventive actions knowledge — — — — 1.28 0.0001
Model χ2 = 439.77,
p<0.05
Model χ2 = 467.61,
p<0.05
Model χ2 = 487.80,
p<0.05
https://doi.org/10.1371/journal.pntd.0006763.t004
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Like adults, youth endorsed multiple causes of podoconiosis that included both contagion and
environmental exposures (e.g., snake bite, evil eye). However, a sizable proportion of youth
responded accurately to questions about the joint contributions of heredity and environment
in the development of podoconiosis. It is concerning that youth with the most accurate under-
standing of GxE contributors to podoconiosis also were most likely to harbor misconceptions
about the causes of podoconiosis. Thus, endorsement of GxE contributors did not obviate
other erroneous causes such as contagion.
Our previous qualitative work with youth in these communities that aimed to understand
youth’s explanatory mental models documented a similar connection between GxE and conta-
gion beliefs [28]. In our previous report we posited that beliefs that susceptibility to podoco-
niosis passes from generation to generation (i.e., accurate GxE knowledge) co-occurred with
observations of families living in close proximity to each other where bodily fluids could be
exchanged. Thus, youth perceived a “both/and” connection in which inherited susceptibility
and contagion explanations could co-exist.
Generally, health education programs assume that accurate health information can correct
inaccurate beliefs. However, our findings suggest that community members can hold numer-
ous, even contradictory, notions of causation simultaneously. The implications of this present
challenges for engaging youth as LHWs. Contagion beliefs not only shape priorities given to
preventive actions but also fuel stigmatizing beliefs. Endorsement of both GxE and contagion
as causes of podoconiosis also may have attenuated the association between related knowledge
and endorsement of appropriate preventive behaviors. Thus, any efforts to engage youth as
LHAs to promote preventive actions among affected individuals would also need to challenge
beliefs about contagion.
A large body of literature has shown that contagion beliefs have deep roots and are very dif-
ficult to override [28, 39]. In this study, youth who reported having social ties to affected indi-
viduals were more likely to be accurate in their understanding of GxE contributors. Similarly
in our prior intervention study, affected adults were less likely to endorse contagion beliefs
than unaffected adults [26]. Individuals with social ties to affected individuals, particularly
those who have engaged with health extension workers may be more accepting of alternative
causal explanations that are linked to preventive actions.
Level of education was also associated with GxE knowledge accuracy. Youth without formal
education had lower knowledge about podoconiosis, which is consistent with earlier studies
among adults [24, 40, 41]. Lack of schooling limits youth’s access to health information pro-
vided in school curriculums and extracurricular activities. Youth engaged in formal education
could be optimal disseminators of accurate GxE information. Indeed, prior studies identified
some schooling to be a crucial qualification for LHWs in Peru and the Republic of the Congo
[42, 43]. However, education level was not associated with accurate knowledge of preventive
actions or with confidence to explain in this sample. LHA training targeted to school settings
would need to strengthen these skills among youth.
The study further showed that accurate knowledge about GxE contributors of podoconiosis
may not necessarily lead to understanding accurate preventive actions. Experts argue that indi-
viduals’ understandings of causes of health conditions have strong influences on what they
perceive as best preventive actions to take to lower risk of developing diseases [44, 45]. The log-
ical assumption is that provided with accurate causes of health conditions, individuals will be
more likely to identify preventive actions to lower the risk of developing ailments. The concern
is that holding a number of competing beliefs about the causes of podoconiosis could muddle
youth’s understanding about what to do to prevent the conditions.
LHWs training should not assume that improved understanding and acceptance of GxE
causal mechanisms will override beliefs about contagion. Curricula specifying the mechanism
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through which soil exposure (e.g., silica particles) leads to lymphatic inflammation could be
included in school science classes. In this environment, classroom exercises could be used to
encourage youth to consider these mechanisms and debate the other causal beliefs using peer
discussions and co-teaching.
It is heartening that youth with higher GxE accuracy and preventive knowledge also had
the highest confidence in their ability to explain the causes of podoconiosis. It has been sug-
gested that effective LHWs have conceptual understanding and confidence to effectively com-
municate with their constituencies that, in turn, can be capitalized upon to facilitate
individual- and community-level health promotion [36]. Similarly, a recent study found confi-
dence to talk about breast and cervical cancer screening information to significant others to be
an important individual characteristic for LHWs [36]. However, affected youth had lower self-
confidence, despite their greater GxE knowledge compared to unaffected youth. This suggests
that confidence-building strategies may need to be different for affected and unaffected youth.
Stigma related to being affected by podoconiosis may have lowered self-esteem of these youth
and inhibit their confidence to discuss the topic. It also should be noted that further assess-
ment might be needed to identify the factors that motivate young people, both those affected
and unaffected, to take part in podoconiosis prevention campaigns.
The study had several noteworthy strengths including a high participation rate, and the sur-
vey development was informed by extensive qualitative data collection. However, there were a
few limitations. The study was conducted in only two rural communities that may not be gen-
eralizable to youth in urban areas or other LMIC settings. The survey focused specifically on
factors associated with youth’s accuracy of knowledge of podoconiosis causes, GxE influences
and preventive actions with the aim of informing health literacy-building activities. Numerous
other factors could influence the viability of youth in these settings serving as LHWs. Indeed,
studies show that role-related factors, social network and trust, and other characteristics of tar-
get communities can influence motivation and performance of LHWs that were not assessed
[11, 36, 46, 47]. Moreover, knowledge improvements unto themselves may be necessary for
health promotion but are unlikely to be sufficient to influence behavior change. Our findings
of coincident endorsement of causal beliefs related to GxE and contagion may have been influ-
enced by social desirability bias, with participants eager to endorse multiple causes and inher-
ently multiple solutions to the problem.
These results are preliminary but support the pursuit of further research to consider youth
assets and deficits relating to their potential role as LHWs. Additionally, extensive qualitative
and quantitative studies will be required to guide identification of youth who may be most
willing and competent in this role and to evaluate interventions to help youth acquire skills
and assess community impact. The potential to avoid disparities in reach of emerging genomic
knowledge warrants these efforts.
Supporting information
S1 Strobe checklist.
(DOC)
S1 Dataset.
(SAV)
Acknowledgments
The authors would like to thank the youth who participated in the study for their time. We
would like to acknowledge the support of Zonal, Wereda and Kebele level officials of Wolaita
Gene x environmental contributors to heritable health conditions
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006763 September 13, 2018 10 / 13
zone during the data collection. We would also like to thank the Mossy Foot International for
facilitating the survey. Our gratitude also goes to all individuals who were involved in the data
collection and data entry.
Author Contributions
Conceptualization: Colleen M. McBride, Gail Davey.
Formal analysis: Kibur Engdawork, Desta Ayode, Getnet Tadele.
Methodology: Getnet Tadele.
Project administration: Desta Ayode.
Supervision: Colleen M. McBride, Getnet Tadele.
Writing – original draft: Kibur Engdawork, Colleen M. McBride.
Writing – review & editing: Kibur Engdawork, Colleen M. McBride, Caitlin G. Allen, Gail
Davey, Getnet Tadele.
References
1. Bookman EB, McAlister K, Gillanders E, Wanke K, Balshaw D, Rutters J, et al. Gene-environment inter-
play in common complex diseases: forging an integrative model—recommendations from an NIH work-
shop. Genet Epidemiol. 2011; 35(4):217–25. https://doi.org/10.1002/gepi.20571 PMID: 21308768
2. Condit CM, Shen L. Public understanding of risk from gene-environment interaction in common dis-
eases: Implications for public communications. Public health genomics. 2011; 14:115–24. https://doi.
org/10.1159/000314915 PMID: 20714109
3. Borgia P, Marinacci C, Schifano P, Perucci CA. Is peer education the best approach for HIV prevention
in schools? Findings from a randomized controlled trial. The Journal of adolescent health: official publi-
cation of the Society for Adolescent Medicine. 2005; 36(6):508–16. Epub 2005/05/20. https://doi.org/
10.1016/j.jadohealth.2004.03.005 PMID: 15901516.
4. Davey G. Recent advances in podoconiosis. Ann Trop Med Parasitol. 2009; 103(5):377–82. Epub
2009/07/09. https://doi.org/10.1179/136485909X451762 PMID: 19583908.
5. Tekola F, Bull S, Farsides B, Newport MJ, Adeyemo A, Rotimi CN, et al. Tailoring consent to context:
designing an appropriate consent process for a biomedical study in a low income setting. PLoS
Neglected Tropical Diseases. 2009; 3(7):e482. https://doi.org/10.1371/journal.pntd.0000482 PMID:
19621067
6. Ayode D, McBride CM, de Heer H, Watanabe E, Gebreyesus T, Tadele G, et al. The association of
beliefs about heredity with preventive and interpersonal behaviors in communities affected by podoco-
niosis in rural Ethiopia. Am J Trop Med Hyg. 2012; 87(4):623–30. Epub 2012/07/25. https://doi.org/10.
4269/ajtmh.2012.12-0204 PMID: 22826482; PubMed Central PMCID: PMCPMC3516310.
7. Singer PA, Daar AS. Harnessing genomics and biotechnology to improve global health equity. Science
(New York, NY). 2001; 294(5540):87–9. Epub 2001/10/06. https://doi.org/10.1126/science.1062633
PMID: 11588248.
8. Tekola F, Romimi CN. Translational Genomics in Low- and Middle-Income Countries: Opportunities
and Challenges. Public health genomics. 2015; 18(4):242–7. https://doi.org/10.1159/000433518 PMID:
26138992
9. Cohn WF, Ropka ME, Pelletier SL, Barrett JR, Kinzie MB, Harrison MB, et al. Health Heritage (c), a
Web-Based Tool for the Collection and Assessment of Family Health History: Initial User Experience
and Analytic Validity. Public health genomics. 2010; 13(7–8):477–91. https://doi.org/10.1159/
000294415 PubMed PMID: WOS:000285011900011. PMID: 20424421
10. National Instututes of Health. Human Heredity and Health in Africa 2018 [cited 2018 February 20 ].
Available from: https://www.fic.nih.gov/Funding/Pages/collaborations-h3africa.aspx.
11. Kok MC, Kea AZ, Datiko DG, Broerse JE, Dieleman M, Taegtmeyer M, et al. A qualitative assessment
of health extension workers’ relationships with the community and health sector in Ethiopia: opportuni-
ties for enhancing maternal health performance. Human resources for health. 2015; 13:80. Epub 2015/
10/02. https://doi.org/10.1186/s12960-015-0077-4 PMID: 26423049; PubMed Central PMCID:
PMCPMC4589131.
Gene x environmental contributors to heritable health conditions
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006763 September 13, 2018 11 / 13
12. Perry HB, Zulliger R, Rogers MM. Community health workers in low-, middle-, and high-income coun-
tries: an overview of their history, recent evolution, and current effectiveness. Annual review of public
health. 2014; 35:399–421. Epub 2014/01/07. https://doi.org/10.1146/annurev-publhealth-032013-
182354 PMID: 24387091.
13. Ferguson WJ, Lemay CA, Hargraves JL, Gorodetsky T, Calista J. Developing community health worker
diabetes training. Health education research. 2012; 27(4):755–65. Epub 2011/09/20. https://doi.org/10.
1093/her/cyr080 PMID: 21926065.
14. Rosenthal EL, Brownstein JN, Rush CH, Hirsch GR, Willaert AM, Scott JR, et al. Community health
workers: part of the solution. Health Aff (Millwood). 2010; 29(7):1338–42. Epub 2010/07/08. https://doi.
org/10.1377/hlthaff.2010.0081 PMID: 20606185.
15. Kaphingst K, Lachance C, Gepp A, D’Anna L, Rios-Ellis B. Educating underserved Latino communities
about family health history using lay health advisors. Public health genomics. 2011; 14(4–5):211–21.
https://doi.org/10.1159/000272456 PMID: 20051669
16. Chen LS, Zhao S, Stelzig D, Dhar SU, Eble T, Yeh YC, et al. Development and evaluation of a genomics
training program for community health workers in Texas. Genetics in medicine: official journal of the
American College of Medical Genetics. 2018. Epub 2018/01/05. https://doi.org/10.1038/gim.2017.236
PMID: 29300380.
17. Allen CG, McBride CM, Balcazar HG, Kaphingst K. Community Health Workers: An Untapped
Resource to Promote Genomic Literacy. Journal of health communication. 2016; 21(sup2):25–9.
https://doi.org/10.1080/10810730.2016.1196272 PMID: 27661793
18. Morgan A, Currie D, Roberts C, Sandal O. Social Determinants of Health and Well-Being Among Young
People. Copenhagen: WHO Regional Office for Europe, 2012.
19. Ashida S, Goodman M, Pandya C, Koehly L, Lachance C, Stafford J, et al. Age Difference in Genetic
Knowledge, Health Literacy and Causal Beliefs for Health Conditions. Public health genomics. 2010;
14:307–16. https://doi.org/10.1159/000316234 PMID: 20829577
20. Blakemore SJ, Mills KL. Is adolescence a sensitive period for sociocultural processing? Annu Rev Psy-
chol. 2014; 65:187–207. Epub 2013/09/11. https://doi.org/10.1146/annurev-psych-010213-115202
PMID: 24016274.
21. Price E. Podoconiosis: Non-filarial Elephantiasis. Oxford: Oxford Medical. 1990.
22. Price EW, Plant DA. The significance of particle size of soils as a risk factor in the etiology of podoconio-
sis. Trans R Soc Trop Med Hyg. 1990; 84(6):885–6. Epub 1990/11/01. PMID: 2096529.
23. Davey G. Podoconiosis, non-filarial elephantiasis, and lymphology. Lymphology. 2010; 43(4):168–77.
Epub 2011/03/31. PMID: 21446572.
24. Ayode D, McBride CM, de Heer H, Watanabe E, Gebreyesus T, Tadele G, et al. he association of
beliefs about heredity with preventive and interpersonal behaviors in communities affected by podoco-
niosis in rural ethiopia. The American Journal of Tropical Medicine and Hygiene. 2012; 87(4):623–30.
https://doi.org/10.4269/ajtmh.2012.12-0204 PMID: 22826482
25. Molla YB, Tomczyk S, Amberbir T, Tamiru A, Davey G. Patients’ perceptions of podoconiosis causes,
prevention and consequences in East and West Gojam, Northern Ethiopia. BMC public health. 2012;
12:828. Epub 2012/10/02. https://doi.org/10.1186/1471-2458-12-828 PMID: 23020758; PubMed Cen-
tral PMCID: PMCPMC3519620.
26. McBride CM, Price CS, Ayode D, Tora A, Farrell D, Davey G. A Cluster Randomized Intervention Trial
to Promote Shoe Use by Children at High Risk for Podoconiosis. IJHSR. 2015; 5(6):518–28.
27. Davey G, Burridge E. Community-Based Control of a Neglected Tropical Disease: The Mossy Foot
Treatment and Prevention Association. PLoS Neglected Tropical Diseases. 2009; 3(5):e424. https://
doi.org/10.1371/journal.pntd.0000424 PMID: 19479039
28. Allen CG, C.M. M, Engdawork K, Ayode D, Tadele G. Applying mental model methods to characterize
understanding of gene-environment influences: the case of podoconiosis in Ethiopia. Critical Public
Health. 2017. https://doi.org/10.1080/09581596.2017.1409885
29. Tora A, Davey G, Tadele G. A qualitative study on stigma and coping strategies of patients with podoco-
niosis in Wolaita zone, Southern Ethiopia. Int Health. 2011; 3(3):176–81. Epub 2011/09/01. https://doi.
org/10.1016/j.inhe.2011.06.006 PMID: 24038367.
30. Tora A, Tadele G, Aseffa A, McBride CM, Davey G. Health beliefs of school-age rural children in podo-
coniosis-affected families: A qualitative study in Southern Ethiopia. PLoS Negl Trop Dis. 2017; 11(5).
31. Destas K, Ashine M, Davey G. Prevalence of podoconiosis (endemic non-filarial elephantiasis) in
Wolaitta, Southern Ethiopia. Tropical Doctor. 2003; 33(4):217–20. https://doi.org/10.1177/
004947550303300410 PMID: 14620426
32. World Health Organization. WHO Case Definitions of HIV for Surveillance and Revised Clinical Staging
and Immunological Classification of HIV-related Disease in Adults and Children. 2007.
Gene x environmental contributors to heritable health conditions
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006763 September 13, 2018 12 / 13
33. Godden B. Sample Size Formulas. Journal of Statistics. 2004; 3(66).
34. Glanz K, Rimer BK, Viswanath K. Health Behavior and Health Education: Theory, Research, and Prac-
tice. San Francisco: Jossey-Bass; 2008.
35. Bandura A. Social cognitive theory of self-regulation. Organizational Behavior and Human Decision
Processes. 1991; 50(2):248–87.
36. Shelton C, Whitcomb D. Evolving roles for physicians and genetic counselors in managing complex
genetic disorders. Clin Transl Gastroenterol. 2015; 6(11):e124. https://doi.org/10.1038/ctg.2015.46
PMID: 26561988
37. Tekola F, Adeyemo A, Finan C, Hailu E, Sinnott P, Burlinson ND, et al. HLA class ii locus and suscepti-
bility to podoconiosis. N Engl J Med. 2012; 366(13):1200–8. https://doi.org/10.1056/NEJMoa1108448
PMID: 22455414
38. Davey G, Burridge E. Community-based control of a neglected tropical disease: the mossy foot treat-
ment and prevention association. PLoS Negl Trop Dis. 2009; 3(5):e424. Epub 2009/05/30. https://doi.
org/10.1371/journal.pntd.0000424 PMID: 19479039; PubMed Central PMCID: PMCPMC2682702.
39. Curtis V. Why disgust matters. Phil Trans R Soc B. 2011;(366):3478–90.
40. Alemu G, Tekola Ayele F, Daniel T, Ahrens C, Davey G. Burden of podoconiosis in poor rural communi-
ties in Gulliso woreda, West Ethiopia. PLoS Negl Trop Dis. 2011; 5(6):e1184. Epub 2011/06/15. https://
doi.org/10.1371/journal.pntd.0001184 PMID: 21666795; PubMed Central PMCID: PMCPMC3110157.
41. Molla YB, Le Blond JS, Wardrop N, Baxter P, Atkinson PM, Newport MJ, et al. Individual correlates of
podoconiosis in areas of varying endemicity: a case-control study. PLoS Negl Trop Dis. 2013; 7(12):
e2554. Epub 2013/12/18. https://doi.org/10.1371/journal.pntd.0002554 PMID: 24340109; PubMed
Central PMCID: PMCPMC3854961.
42. Delacollette C, Van der Stuyft P, Molima K. Using community health workers for malaria control: experi-
ence in Zaire. Bull World Health Organ. 1996; 74(4):423–30. Epub 1996/01/01. PMID: 8823965;
PubMed Central PMCID: PMCPMC2486885.
43. Brown A, Malca R, Zumaran A, Miranda JJ. On the front line of primary health care: the profile of com-
munity health workers in rural Quechua communities in Peru. Human resources for health. 2006; 4:11.
Epub 2006/05/19. https://doi.org/10.1186/1478-4491-4-11 PMID: 16707010; PubMed Central PMCID:
PMCPMC1481610.
44. Morgan G, Fischhoff B, Bostrom A. Risk Communication—A Mental Model Approach: Cambridge Uni-
versity Press; 2001.
45. Austin L, Fischhoff B. Injury prevention and risk communication: a mental models approach. Injury Pre-
vention. 2012; 18(2):124–9. https://doi.org/10.1136/injuryprev-2011-040079 PMID: 22088928
46. Paskett ED, McLaughlin JM, Lehman AM, Katz ML, Tatum CM, Oliveri JM. Evaluating the efficacy of
lay health advisors for increasing risk-appropriate Pap test screening: a randomized controlled trial
among Ohio Appalachian women. Cancer epidemiology, biomarkers & prevention: a publication of the
American Association for Cancer Research, cosponsored by the American Society of Preventive Oncol-
ogy. 2011; 20(5):835–43. Epub 2011/03/25. https://doi.org/10.1158/1055-9965.Epi-10-0880 PMID:
21430302; PubMed Central PMCID: PMCPMC3089673.
47. Alam K, Tasneem S, Oliveras E. Retention of female volunteer community health workers in Dhaka
urban slums: a case-control study. Health Policy Plan. 2012; 27(6):477–86. Epub 2011/09/09. https://
doi.org/10.1093/heapol/czr059 PMID: 21900361.
Gene x environmental contributors to heritable health conditions
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006763 September 13, 2018 13 / 13
